INTRODUCTION
There has recently been considerable interest in the origin of the intense multipeak structure observed in the corehole spectra of organic donor/acceptor molecules (0+ -Ar-A -).1-30 Numerous studies, primarily describing the results of condensed phase measurements, have attributed such structure to shake-up processes arising from the concomitant creation of a core-hole and intramolecular 1T* ~ 1T charge-transfer excitation(s). Several explicit molecular orbital studies onp-nitroaniline (PNA) and related molecules appear to verify the shake-up interpretation as opposed to extrinsic processes such as radiation damage or hydrogen bonding effects. 7 -9 ,13--17 Essentially, creation of a positively charged core-hole on the acceptor group [the NIs(N0 2 ) core-hole in the case ofPNA, for example] dramatically reduces the separation between the highest occupied donor orbital and lowest unoccupied acceptor level due to selective Coulomb interactions leading to low energy satellite structure. The satellite intensity is determined by the details of the hole screening mechanism which can be addressed with reference to the one-electron states of the neutral system in terms of hole-induced orbital mixing of occupied and unoccupied levels.
ever, was shown to yield a broad single peak Nls(N0 2 ) spectrum which, upon greater resolution, was subsequently shown to consist of an asymmetric peak structure with approximately 30% of the total intensity appearing as a lowlying satellite on the high binding energy side of the main line (AE -1.25 eV).25 Although numerous comparisons between condensed phase core-hole spectra of D+ -Ar-A -systems and molecular orbital computations on the isolated molecular species using singly excited configurations have indicated some striking correlations, the results on PNA suggest that such parallels may, in some cases, be misleading.
In this regard the dramatic difference in the Nls(N0 2 ) core-hole spectrum of PNA on going from the vapor phase to the solid has recently been attributed to strong core-hole induced intermolecular orbital mixing. 14 . 15 Semiempirical equivalent-core computations were performed on model dimer structures chosen to reflect the experimental condensed phase intermolecular pairing, and provide the electronic reservoir for intermolecular screening. It was argued that orbital mixing effects resulted in an ionized dimer HOMO/LUMO separation significantly less than achieved in the isolated molecule case, indicating very low energy singlyand doubly excited configurations. Estimates of the coupling parameters between the primary core-hole and the singly and doubly excited configurations of interest suggested a final-state energy and intensity distribution in relatively good agreement with experiment. Computations on the corresponding monomer core-hole suggested minimal contributions from doubly excited configurations due to their larger excitation energy. Analysis of the relative one-electron energies of the ionized species as compared to the surrounding neutral molecules considering the spatial separations in the crystal led to the rationalization that the PN A 01s(N0 2 ) spectrum should be relatively unperturbed on going from the vapor to the condensed phase as observed experimentally. Agren and co-workers 25 have performed detailed ab initio computations on the Nls(N0 2 ) ionization spectrum of PNA using a multiconfigurational self-consistent field (MCSCF) method and attribute the gas phase satellite structure essentially to the 1T* +-1T HOMO -+ LUMO doubly excited configuration (CI coefficient 0.74). Agren et al. empha- sized that the 1T* +-1T HOMO -+ LUMO singly excited "singlet" -coupled doublet provides only a minor contribution to the final primary hole state and low-lying satellite features of interest! As noted by Agren and co-workers 25 these findings pose the fundamental question of whether even the vapor phase core-hole spectra of D+ -Ar-A -systems can be accurately reflected within a computational scheme limited to singly excited configurations. Although Agren et al. 25 obtained excitation energies in good agreement with experiment, the intensity calculated for the satellite of interest is somewhat larger than found experimentally. Based on their isolated molecule results Agren and co-workers 25 further suggested that the vapor to condensed phase NIs(N0 2 ) spectral shifts may arise from hydrogen bonding interactions rather than strong core-hole induced intermolecular orbital mixing. It was argued that due to the relative sensitivity of the doubly excited configurations on the orbital separation the details of the final-state configuration interaction may be dramatically altered by relatively weak perturbations.
Ford and Hillier 21 ,30 also performed ab initio CI computations on Nls(N0 2 ) and 0Is(N0 2 ) ionized PNA using a frozen orbital scheme (FO_CW 1 . 3 0 and an explicit RHF holestate basis set (.::1 SCF-Cl).30 Both methods included selected doubly excited determinants in the Cl expansions. Although both techniques produced a final-state spectrum (energy and intensity approximating experiment, the.::1 SCF-CI method gave excitation energies and shake-up intensities in closer agreement with experiment. Contrary to the results of Agren et al., 25 Ford and Hillier found that the dominant contribution to the PN A N Is(N O 2 ) and 0 Is(N O 2 ) satellites of interest was the singly excited HOMO -+ LUMO configuration.
The purpose of this study is to further address the origin of the observed changes in the core-hole spectral functions on going from the gas to the solid phase for PNA in particular, and D+ -Ar-A -systems in general. To this end we report the vapor phase heteroatomic core-hole spectra of 2-amino-6-nitronaphthalene (2, 6 -ANN) and l-amino-4-nitronaphthalene (1,4-ANN) and compare the results with the condensed phase spectra of Distefano and co-workers. 5 These systems were selected because the solid state core-hole spectrum of2,6-ANN is one of the most unusual and complex observed thus far in that not only does the NIs(N0 2 ) emission consist oftwo well-resolved peaks (Fig.  2 ), but the higher binding energy feature of the Nls(N0 2 ) doublet structure is more intense than the "secondary" feature on the lower binding energy side. Recently other systems have been shown to yield similar solid state spectra. 23 1,4-ANN, on the other hand, is found to exhibit an N1s(N0 2 ) core-hole structure in the solid state parallelling PNA. As in the case of PNA, the vapor phase N1s(N0 2 ) spectra are found to be considerably different from the solid state results. CNDO/S(CI) equivalent-core computations including up to doubly excited configurations, were performed to establish the character of the monomer spectra, and to address the nature of the core-hole induced intermolecular interactions. X-ray crystallographic measurements on 2,6-ANN indicate an intermolecular donor/acceptor pairing scheme as in PNA. Dimer models are therefore constructed to computationally address the solid state interactions in PNA and 2,6-ANN. 14,15 The equivalent-core computations, with doubly excited configurations, yield final-state energy and intensity distributions for the N1s(N0 2 ), Ols(N0 2 ) and N1s(NH2) ionizations of PNA and 2,6-ANN, for both the monomer (vapor) and dimer (solid) species, in agreement with experiment. As in our previous studies we attribute the vapor to condensed phase spectral differences to strong core-hole induced intermolecular screening processes. 14-16 Similar intermolecular screening contributions have also been noted in the interpretation of the condensed phase spectra of 1/ 4 and NO. 3S • 36 
EXPERIMENTAL
Vapor phase XPS measurements on 2,6-ANN and 1,4-ANN were taken with AlK~ x-rays (1486.582 eV 37 ) using a spectrometer at Vanderbilt University. Both compounds required heating to -140 ·C. The results for the N1s and 01s core regions are shown in Fig. 3 . Binding energies for 1,4-ANN were determined using the neon KL2, 3L2, 3 (ID2) line [804.50(3) eV 38 ] for Ols and the N1s line of N2 for N1s (409.93 eV 37 ). The latter calibration was somewhat uncertain due to the overlap between the Nls level ofN2 and that of the amino group. The relative intensities and energies for both compounds obtained by least-squares fitting Lorentzian or Gaussian functions to the data points 39 are given in Table I . The Ols binding energy of the most intense peak in 1,4-ANN is identical to that measured for PNA.27 This probably means that there is a somewhat greater relaxation energy associated with 01s ionization in l,4-ANN than the corresponding ionization in PNA, since the average energy ofthe core ionization spectrum is known to correspond to the ionization energy obtained in accord with Koopmans' theorem. 31Ib ) Thus the difference between the mean energy and the energy of the main peak reflects the relaxation energy. The mean energy for the 01s region in l,4-ANN is prob- b An absolute binding energy of 405.5(2) eV has been obtained using N2 as calibrant (see Fig. 3 ).
C An absolute binding energy of 537.9(2) eV has been obtained using neon
KLl,3L,..3 eD 1 ) as calibrant (see Fig. 3 ).
ably greater than that in PNA since the main satellite peak appears about twice as intense as in PNA, while the separations from the main peak are comparable ( -2.0 e V in 1,4-ANN and -2.4 e V in PNA.) It is quite reasonable to expect greater relaxation in l,4-ANN due to the more extensive ring system compared to PNA. On the other hand, the Nls binding energies are -0.5 eV lower in l,4-ANN than in PNA; which means that the amino-nitrogen binding energy in l,4-ANN is very close to that in aniline. 40 We also found the peak due to the N1s(N0 2 ) ionization to be -0.4 eV broader than the corresponding-NH 2 derived peak in 2,6-ANN, compared to an -0.7 eV difference in 1,4-ANN.
Comparison solid state XPS measurements were performed on 2,6-ANN using an AEI ES200B photoelectron spectrometer (normal operating pressure _10-8 Torr). Photoelectron spectra were accumulated using an unfiltered MgK" source (/iw = 1253.7 eV). 2,6-ANN were applied in powder form directly to the probe tip and wetted with acetone to promote adhesion. Residual acetone was purged from the sample by rough pumping prior to insertion into the spectrometer high vacuum (the typical pressure during data accumulation was 1.1 X 10-8 Torr). The comparison spectra shown in Fig. 2 parallels the published work of Distefano and co-workers.
Crystals of 2,6-ANN (density = 1.442 g cm- and bond angles according to the structure of Fig. 4 is given in the Appendix.
To illustrate the molecular packing Fig. 5(a) shows the projection along the b axis onto the a-c plane. The structure is widely analogous to the one reported by Trueblood and Donahue for p-nitroaniline. 42 Figure 5 (b) illustrates the closest contact between a chosen NH2 group on one end of the molecule and surrounding groups on other moieties. Each NH2 group has two nearest neighboring N0 2 groups as in PNA. The separation of 3.13/3.14 A in 2,6-ANN compares favorably with the value of 3.08 A found in PNA.42 2,6-ANN and l,4-ANN were obtained from ICN Pharmac. Inc., Plainview, New York and used without additional purification. As a precaution against anomalous effects due to sample preparation we separately synthesized 2,6-ANN. Both 2,6-ANN sources yielded consistent vapor and condensed phase XPS spectra. The x-ray crystallographic measurements were taken on our synthesized material. including up to doubly excited configurations 46 using the Pariser-Parr approximation to the two-center Coulomb repulsion integrals. 47 Core-ionized species were treated within the equivalent-core approximation 48 . 49 where the atom to be ionized (atomic number Z) was replaced by the next highest atom in the periodic table (Z' = Z + 1). Convergence was achieved for all Nls(N0 2 ), Ols(N0 2 ), and Nls(NH2) monomer and dimer configurations considered. Excited state computations were then performed on the "equivalentcore" closed-shell species assuming only singlet coupling between all valence electrons. Due to the complexity introduced by including doubly excited configurations no attempt was made to approximate exchange interactions between the core and valence electrons. It has been demonstrated for D+ -Ar-A -systems that the triplet-coupled doublet manifold generally yields "small" contributions to the calculated spectra when large intensity secondary features are present.14.21.24.2S.28-30 It is assumed that neglect of triplet coupling in the present study does not lead to serious deficiencies in spectral interpretation. Although our approach involves a number of approximations, the results appear to adequately simulate response of the valence electrons toward the core holes in both the monomer and dimer configurations.
COMPUTATIONAL
In all ionic-state calculations which include doubly excited state configurations (explicitly noted in the text) the 300 lowest energy excitations were selected from 5000 created configurations of proper symmetry. Relative intensities were obtained by projection of the correlated ion-state wave function onto the "uncorrelated" (see below) wave function of the neutral system according to the sudden approximation 31 ,50,SI
Within this approximation a sum rule holds which equates the first moment of the spectral function to the HartreeFock eigenenergy31(b) (2) This relationship permits us to calculate relaxation energies since this quantity is given as the difference between the Hartree-Fock eigenenergy and the true ionization potential.
It has been found that accurate intensity calculations on small molecules require a correlated neutral molecule wave function. 52-55 Our CNDO/S(CI) results, however, indicate a relatively pure single determinant solution for the PNA neutral molecule ground state--a 95.7% SCF configuration using Pariser-Parr two-center integrals; a 91.6% SCF configuration using Nishimoto-Mataga integrals. 56 Since PariserParr integrals are used in the generation of the ion states and the reference neutral molecule wave function for intensity evaluation we feel justified in neglecting correlation contributions to the neutral species considered in this study. It should be noted, however, that the ab initio study of Agren et al. 25 does find rather large PNA neutral molecule ground state correlation (84.6% SCF configuration).
Intramolecular atomic coordinates used in the computations were calculated from the bondlengths and bond angles given by Pople and Beveridge. s7 Intermolecular separations were chosen to reflect experiment (see appropriate figures). Comparison neutral molecule and equivalent-core calculations were performed on PNA, I,4-ANN, and 2,6-ANN using singly excited configurations and the Nishimoto-Mataga repulsion integrals. Variations in parameter options are clearly indicated in the text.
RESULTS AND DISCUSSION

p-nitroanlline (PNA)
Our computational results on the monomer and dimer heteroatomic core-level ionizations ofPNA are given in Fig.  6 . As observed experimentally (Fig. I ) the NIs(N0 2 ) monomer ionization yields only a relatively weak asymmetric structure on the high binding energy side of the primary peak (.dE = 1.73 eV;.dE ExP = 1.25 eV). In thedimerconfiguration the NIs(N0 2 ) core-hole spectrum exhibits a wellresolved double peak structure of approximately equal in- N0 2 ) final-state distributions indicate a relatively strong shake-up feature at -2. 8 e V which is moderately enhanced in intensity on going to the dimer model. The N Is(NH2) spectrum in both the monomer and dimer configurations is composed of a single intense peak. Our model calculations, therefore, reflect the fundamental vapor phase to solid state core-hole energy and intensity distributions observed experimentally. Table II shows that for the NIs(N0 2 ) monomer ionization the doubly excited 'fT. ~ HOMO ----+LUMO equivalent-core configuration remains approximately 3.0 eV above the corresponding singly excited excitation. Localizations of the equivalent-core orbitals which contribute most strongly to the shake-up interpretation are given in Fig. 7 . In terms of these few orbitals shake-up excitation can be viewed essen- tially as a transition leading to charge-transfer from the -NH2 donor fragment to the -N0 2 acceptor moiety as indicated in previous studies. Within the present basis set, however, the singly excited ion-state HOMO _LUMO excitation "separately" accounts for only a small portion of the shake-up intensity. For example, assuming a pure one-elec- (27) (LUMO) PNA MONOMER (27) 
<p (16) FIG. 7. The PNA monomer ion-state orbitals relevant to the discussion of the N Is(N0 2 ) and 01s(N0 2 ) core-hole spectra. The orbital lobes are drawn proportional to the LeAO coefficients and viewed from above the molecularplane.
tron HOMO -LUMO interpretation of the Nls(N0 2 ) shake-up a relative intensity of only 13.7% is obtained from the determinantal overlaps given in Table II compared to the final-state value of29. 7%. The shake-up transition gains the appropriate additional intensity through constructive interference effects between the singly excited HOMO -LUMO, and the ionic ground state and doubly excited configurations contributed through final-state CI. Final-state CI also refines the energy spectrum to that observed experimentally. It should be noted that the value of the squared overlap integral 1 «(0,0 11 0,0). 1(0,0 II O,O)N) 12 for Nls(N0 2 ) ionization is 0.54. The.:! SCF-CI results ofFord and Hillier 30 yield 0.53 for the corresponding projection, from which a relative shake-up intensity of23% is obtained. Our analysis also yields a small overlap between the neutral molecule ground state and the ion-state determinant formed by double excitation from the HOMO to the LUMO level.
In addition to assigning a large HOMO -LUMO doubly excited character to the Nls(N0 2 ) shake-up transition as noted in the Introduction, A.gren et al. 25 argue for significant final-state CI contributions from doubly excited configurations between the la 2 (11") occupied orbital localized on the oxygen atoms and the 5b t (17'*) LUMO orbital; levels which they term "near degenerate." Such "near degeneracy" is also apparent in their neutral molecule ground state calculation where the CI coefficient for the 5b i (17'*) +--la~ (17' ) double substitution is approximately a factor of 3 larger than the next highest excited state contribution. A.gren et al.
25 emphasized the importance of such doubly excited contributions in understanding the details of intramolecular corehole screening. Our CNDO/S calculations yield 5b t (17'*) +--la 2 (17' ) and 5b i(17'*) +--la~(17') transition energies of -6.0 and> 12.0 eV, respectively, in the neutral molecule. In accord with symmetry considerations only the doubly excited component can couple with the ground or the ionstates of interest. As shown above, however, coupling with the neutral ground state is negligible. Due to the relative localizations our ion -state computation shows an -2.5 e V decrease in the difference between the 5b 1 (17'*) and la 2 (17' ) orbital eigenvalues when compared to those of the neutral species, yielding a 5b i (17'*) +--la~ (17' ) transition energy of -7.0 eV. The wave function for the intense shake-up transition given in Table II contains only the major components derived from transitions with energies S 6.25 eV. Although most of the shake-up intensity is accounted for in terms of the indicated components, the contributions given in Table  II reflect only -86% of the total wave function. We arbitrarily chose to tabulate CI vectors only for the 30 lowestenergy configurations derived from an excitation manifold containing all possible symmetries. As demonstrated below, however, our ion-state computations also reflect significant coupling to excitations out of the la 2 (17' ) orbital.
In order to illustrate the nature of the ion-states which lead to the observed Nls(N0 2 ) spectral function appropriate electron density difference plots are given in Fig. 8 . Figure  8 (a) shows the differences between the ionic core-hole ground state and the ground state of the neutral system. Solid lines represent electron gain in the ion, whereas dashed lines correspond to electron loss. The surface on which the electron densities are indicated lies 0.5 A above the molecule in order to include changes in 1T-electron density for which the molecular plane corresponds to a nodal plane. Clearly the plot shows a screened ionic ground state, where a screening charge of -0.93e accumulates on the ionized nitrogen atom. Note that the screening charge is drawn from all parts of the molecule. Upon electron excitation into the most intense shake-up state the electronic charge further rearranges. This is indicated in Fig. 8(b) where the difference has been taken between the excited and ground states of the ion. The excited state in Fig. 8(b) exhibits an approximately 0.13e
greater intramolecular screening at the ionized nitrogen atom than calculated for the ionic ground state. Excited state screening occurs primarily through electron transfer from the -NH2 donor group, and from the adjacent oxygen atoms in line with the interpretation of Agren and co-workers.
25
Figure 8(b) obviously reflects significant 5b~(1T·}+--la~(1T) contribution to the shake-up state which was overlooked in our truncation of the wave function output. The component of intramolecular screening arising from charge transfer from the oxygen atoms is entirely a many-body effect. In contrast, significant charge transfer to the oxygen centers is expected based on a one-electron interpretation as indicated from the relative HOMO/LUMO localizations given in Fig. 7. An additional example of electron rearrangement is given for a higher-lying shake-up state in Fig. 8(c) . In this case all atoms on the molecular axis exhibit greater screening relative to those lying off axis. Table III indicates that the 01s(N0 2 ) monomer spectrum can be viewed as a relatively pure hole state with -65% of the shake-up transition due to the one-electron intramolecular charge-transfer HOMO --+ LUMO excitation (Fig.7) . Our final-state calculation, however, yields only a 10.70% relative intensity for the Ols(N0 2 ) shake-up, compared to the experimental value of 24%. Furthermore, although the HOMO --+ LUMO configuration participates strongly in the description of the shake-up state, such oneelectron excitation contributes only 3.8% relative intensity due to the relatively small (0,261127,0) overlap with the neutral molecule ground state. We attribute the small calculated shake-up intensity to: (i) Ols hole localization, and (ii) neglect of the small correlation contribution to the neutral molecule ground state noted above. Symmetry adapting the 0 Is hole state to preserve the C 2v symmetry of the molecule, as well as inclusion of neutral molecule correlation contributions may lead to a greater projection amplitude, thus enhancing the calculated satellite intensity. As in the case of NIs(N0 2 ) ionization a considerable portion of our calculated Ols(N0 2 ) shake-up intensity arises from positive CI coupling (when the determinantal overlap factors are included) between the excited and ionic ground state configurations. In comparison, Ford and Hillie~o likewise evaluated the Ols hole-state spectrum assuming reduced symmetry. The present squared ground state projection (0.635) compares favorably to their FO-CI value of 0.64 which produced a relative shake-up intensity also considerably less than experiment (13%). Although the L1 SCF-CI results of Ford and Hillie~o accurately reflects the N ls(N0 2 ) spectrum, the relative Ols shake-up intensity is calculated to be too large by approximately the same amount as the underestimation in their FO-CI model ( -10%).
It is interesting to address the results of two prior CNDO/S equivalent-core studies on PNA which were restricted to singly excited configurations, and which reported Nls(N0 2 ) and 01s(N0 2 ) shake-up strengths approximating experiment. Our earlier work essentially used the absolute intensity approximation of Darko, Hillier, and Kendrick 58 where 01s (N0 2 ) and Nls(N0 2 ) shake-up intensities of 20%~25% and -38%-+40%, respectively, where obtained assuming only singly excited configurations and an independent term-by-term evaluation of neutral/ion-state orbital overlaps between appropriate levels given in the configuration interaction expansion. 14 These results compare favorably with the intensities calculated earlier by Distefano and co-workers where intensity evaluation using complete determinant projection was implied. 13 Based on our present computations, which yield appropriate determinantal overlaps involving singly excited configurations considerably less than suggested by two-level techniques, it appears that Distefano et al. 13 likewise truncated determinant projection to evaluate intensities. Distefano and co-workers have, in fact, calculated the shake-up structure for a wide variety of donor/acceptor molecules within the CNDO/S equivalentcore approach using only singly excited configurations with apparent two-level intensity projection, and generally found excellent correspondence with experiment. 13.17.19.20 Our recent workI6.24.59 on the shake-up structure of additional organic systems parallel the conclusions drawn by Distefano et al. It should be noted that Distefano et al.13 originally emphasized that the theoretical intensities for acceptor ° Is shake-up were generally a factor of210wer than observed for a variety ofD+ -Ar-A -systems, whereas acceptor Nls intensities were reproduced quite accurately. As indicated above, these conclusions also extend to our findings using the more complete doubly excited basis set with full determinant projection. Based on the present results, however, it can be concluded that while singly excited approaches with truncated intensity projections are often useful in identifying the "primary" configurations responsible for shake-up features in simple D+ -Ar-A -systems, the details of the final-state interactions may be incomplete and even misleading. For example, the PNA 01s(N0 2 ) spectrum calculated by Distefano et al.
13 yields a higher-energy shake-up feature more intense than that due to HOMO ~LUMO excitation. The results given in Table III indeed parallel the spectrum of Distefano et al. 13 provided final-state configuration interaction is ignored. When interactions with the ion ground state are included the shake-up feature characterized by HOMO ~LUMO excitation appears with approximately three times greater intensity than the higher-energy component. Figure 9 and Table IV intermolecular charge transfer from the "neutral" component. The two lowest energy states are essentially destructive and constructive combinations, respectively, of the ground and singly excited HOMO ~LUMO configurations. The lowest energy state, however, has the dominant HOMO ~LUMO character (48.1 %). Although the three lowest energy final states do not contain a dominant doubly excited configuration, the importance of the double substitutions is dramatically illustrated in the dimer model. It is important to note in this regard that the initial configurations which contribute most heavily to the Nls(N0 2 ) shake-up interpretation, (0,2611 27,0) in the monomer and (0,4611 53,0) in the dimer, are approximately energetically degenerate! Using one-electron energies, for example, and appropriate determinantal overlaps yields an Nls(N0 2 ) dimer spectrum with relative intensities of 0.0 eV (47.6%), 0.95 (2.2%), and 3.02 eV (7.3%). The four dominant configurations comprising the final-state # 3 wave function exhibit positive interference in the intensity computation when the signs of the determinantal overlap factors are included. Although the indicated configurations individually contribute intensity in the range of 0.1 % ~ 4.1 %, when summed in the proper manner a shake-up feature with 22.66%, or 65.5% of the "main peak" intensity, is obtained. Although this value is somewhat less than experiment, our dimer results clearly reflect the double peak solid state structure with apparent increased splitting relative to the vapor phase. The calculated splitting of the N ls(N0 2 ) dimer spectrum also appears overestimated by -0.35 eV. We attribute this "enhancement" ofthe splitting to the intermolecular separation used in the computation (Fig. 9 ) which is somewhat reduced relative to the experimental spacing [ Fig. 5(b) ]. The dimer orbital correlation diagram for NIs(N0 2 ) ionization is given in Fig. 9 . As indicated, strong core-hole induced intermolecular orbital mixing occurs in the dimer. We previously rationalized the well-resolved solid-state doublet by suggesting a strong splitting between the ionic ground state and the one-electron HOMO -+LUMO dimer excitation induced by coupling to low-lying doubly substituted configurations. 14 ,ls While indeed mixing between the HOMO level of the neutral part and the LUMO level of the ionic part gives a low energy excitation as indicated previously, the final-state which is defined in this work as the shake-up transition is mainly derived from excitations out of orbitals created by mixing between the HOMO level of the ion and the lower-lying occupied orbital also localized on the -NH2 moiety of the neutral fragment. Although our previous Nls(N0 2 ) dimer calculations (performed on a slightly displaced monomer pair) yielded a somewhat different magnitude of orbital mixing, it is shown in the following section that moderate geometry changes are not expected to dramatically alter the final-state spectrum.
Again the spectral function is analyzed in terms of electron density difference plots in an effort to relate the dimer transitions to those in the monomer. Figure lO(a) shows the electron rearrangement within the dimer upon coupling two noninteracting (neutral) PNA moieties self-consistently. Clearly the 1T-electron density of the monomer bearing the interacting -NH2 group is the most strongly influenced. The effective charge flux between the molecules, however, is relatively small (-0.05 e per moiety). This is reflected in the magnitude of the dimer dipole moment which increases by only 3% relative to the sum of the dipole moments of the separated molecules. Since the details of charge rearrangement concomitant with ionization of the free molecule has been indicated in Fig. 8 , we elect to refer charge rearrangements in the ionized dimer to a hypothetical charge density created by superimposing the densities of noninteracting neutral and Nls(N0 2 ) ionized monomers. Figure lO(b) displays the difference between the electron densities of the Nls(N0 2 ) ionized dimer ground state and the reference density distribution. As indicated, the ionic ground state exhibits strong intermolecular charge-transfer screening. Such a state therefore has little monomer equivalence and contributes only moderately to the spectral function as indicated in Fig. 6 and Table IV. The electron density of the intense dimer shake-up state #2 is plotted in Fig. lO(c) relative to the reference distribution. In addition to an obvious partial correspondence with the ionized monomer ground state, state #2 is characterized by an intermolecular screening contribution as well as a substantial intramolecular rearrangement of charge on the ionized portion. Figures lO(a) and lO(c) show a similar electron density difference pattern on the neutral dimer component indicating that state # 2 can be characterized as the monomer ionic ground state moderately interacting with the neighboring neutral molecules. It appears that such interaction is sufficient to determine the spectral function. A similar situation is encountered in an analysis of the second intense dimer shake-up state (state #3). The neutral component in Fig. lO(d shake-up difference density in the monomer [ Fig. 8(b) ]. We therefore conclude that the two NIs(N0 2 ) peaks observed in the gas phase correspond to the two features resolved in the solid. The enhanced splitting, as well as the intensity redistribution, arises from coupling of the monomer ion states to the crystal environment via intermolecular screening processes. Figure II and Table V indicate that the ° Is(N0 2 ) dimer shake-up transition is a relatively pure singly excited HOMO -LUMO excitation localized on the ionic part of the dimer: an intramolecular D+ _A -charge-transfer transition as found in the monomer. As observed experimentally, the relative Ols shake-up intensity in the dimer is distinctly greater than that calculated for the monomer. In line with the above discussion of the monomer, the absolute value of the satellite intensity remains approximately a factor of 2 less than experiment. Again, considerable shake-up intensity is gained through strong positive interference with the ground state. The absence of strong intermolecular orbital mixing in the dimer supports our previous rationalization as to the similarity between the ° Is(N0 2 ) vapor and condensed phase spectra. 14 4> (53) PNA 01& (N02) (OIMER)
FIG. 11. The PNA 01s(N0 2 ) dimer orbitals of interest.
2-Amlno-S-nltronaphthalene (2,6-ANN)
Table VI compares the calculated lower-lying singlet 1T*+-1r excitations of neutral 2,6-ANN with the experimental results of Pearson. 61 The relevant molecular orbitals used to address intramolecular charge-transfer behavior of the various excitations in the neutral and ionic species are given in Fig. 12 . Table VI shows that the correlation of the calculated singlet transition energies versus the experimental values is quite good if it is assumed the weak 4 IA '(1T*+-1r) and 5 IA '(1T*+-1r) excitations lie under the more intense 3 lA' (1T* +-1T) and 6 lA' (1T* +-1T) transitions. Pearson has, in fact, noted an asymmetry in the third absorption band. 61 Also, the computed oscillator strengths and solvent shifts are in relative accord with experiment.
It is interesting at this point to compare selected properties of 2,6-ANN with those of PNA and 1,4-ANN: the apparent PNA analog. 1,4-ANN exhibits an experimental and computational (CNDO/S) absorption spectrum partially parallelling PNA [i.e., a single intense long wavelength tran- sition (see Table VI ), and based on the relative resonance structures which can be constructed one might expect that the D+ -A -charge-transfer state of 2,6-ANN would absorb at longer wavelengths and exhibit a greater solvent sensitivity than the corresponding 1,4-ANN and PNA excitation. Although 2,6-ANN and 1,4-ANN absorb at longer wavelengths than PNA as anticipated -based on the relative energy levels of the phenyl and naphthalene frameworks (see below), 2,6-ANN shows a slightly smaller solvent sensitivity than either PNA or 1,4-ANN. This is in accord with the calculated dipole moment differences (..:iJLe _ g) given in Table  VI . This can be rationalized by noting that in PNA the HOMO level is largely localized on the -NH2 group, whereas in 2,6-ANN and 1,4-ANN this donor group 1T level is distributed approximately evenly among three lower binding energy orbitals localized mainly on the naphthalene moiety. Although the -NH2 group is still classified in 2,6-ANN and 1,4-ANN as a strong 1T-electron donor based on calculated ground state charge densities, such donor character is not reflected directly in the long wavelength excitation spectra. Charge-transfer excitation from the amino group in 2,6-ANN is < -O.IODe in all excitations given in Further evidence that the CNDO/S method adequately reflects the nature of the electronic structure of PNA, 1,4-ANN, and 2,6-ANN is given in Fig. 13 where the Koopmans' theorem ionization potentials (I.P.) are shown to adequately correlate with the relative splittings observed in the gas phase photoelectron spectra. In comparison to the unsubstituted phenyl and naphthalene moieties it is expected that -NH2 group substitution would destabilize the low-lying 1T orbitals depending on the magnitude of the amino nitrogen AO coefficient, whereas -N0 2 group character is probed from the LUMO properties, or the higher-lying occupied levels. On going from benzene to PNA the first I.P. is reduced from 9.25 65 _8.60 ey 64 (~E = 0.65 eY), whereas on going from naphthalene to 2, (~E = 0.09 and 0.10 eY, respectively). Such relative behavior is reflected in the computational comparisons given in Fig. 13 . Therefore, the "similarity" between the neutral molecule absorption spectra of PNA and 1,4-ANN appears somewhat fortuitous based on our computational results. Differences in the details of the final-state CI account for the observed variations in the singlet absorption spectra on going from 2,6-ANN to l,4-ANN. Figure 14 and Table YII indicates that five final-states derived from 12 initial configurations below 5.0 eY contribute to the Nls(N0 2 ) monomer ionization spectrum of 2,6-ANN in the energy range of interest. Due to their energetic proximity the final-states sum to give a broad peak structure as observed experimentally. As observed in the solid state the theoretical Nls(N0 2 ) monomer species has already developed a ground state with significantly less ionization intensity than the sum of the more closely spaced higher-energy features. The very low-lying double-substitutions arising from the HOMO level and the density of initial configurations lead to a final-state spectrum rich in correlation effects: the ground state being the only final state which retains a > 50% single configuration character.
Electron density difference plots between the three lowest energy shake-up states oflargest intensity and the ground state of the ion are given in Figs. 15(a)-15(c) . State #2 [Figure 15(a) ] describes strong charge transfer mainly out of the aromatic ring system onto the -N0 2 group. The second shake-up transition leading to the state #3 [ Figure 15 (b)] can be viewed as a "charge oscillation" basically confined to the ring system, whereas excitation to state #4 essentially involves a charge rearrangement within the N0 2 group.
The large relative depletion of intensity from the ionic ground state (0,0 II 0,0) by CI can be rationalized by recognizing that such effects are to be expected whenever the SCF configuration poorly describes charge relaxation, and whenever suitable low-lying excited states are available to screen the core hole. Mixing occurs between the SCF ionic ground state, which has large overlap with the neutral molecule occupied orbitals, and appropriate low-lying excited configurations which have small neutral molecule overlap leading to a final state with reduced intensity. Corresponding interactions were calculated for PNA Nls(N0 2 ) monomer and dimer ionizations (Tables II and IY) . The effect is relatively large in the 2,6-ANN monomer due to the close spacing of the occupied and virtual levels in the Nls(N0 2 ) ion. Such destructive interference is almost complete in the case of PNA N1s(N0 2 ) dimer ionization, as CI leads to a lowestenergy state having an -4.0% intensity. As shown below and in Fig. 14 the effect appears greater still for Nls(N0 2 ) ionization of 2,6-ANN in the solid. As reflected by the relative HOMO/LUMO spacings, ° ls(N0 2 ) ionization of 2,6-ANN leads to considerably less correlation mixing than found in the Nls(N0 2 ) ion, although final-state interactions are greater than for 0Is(N0 2 ) ioniza- tion ofPNA ( Fig. 14 and Table VIII) . A comparison ofthe calculated and experimental 0Is(N0 2 ) and Nls(N0 2 ) vapor phase spectra of2,6-ANN is given in Fig. 16 where the relative N Is binding energies were obtained according to Eq. (2). Figures 14 and 17, and Table IX indicate that the 2,6-ANN Nls(N0 2 ) dimer spectrum is more complex than the monomer or dimer ionizations considered above. The finalstate spectrum, however, clearly yields a relatively weak well-resolved feature on the low-binding energy side of the main component as observed experimentally. The Nls(N0 2 ) dimer orbital mixing effects reflect the relative -NH2 1T-orbital delocalization and the energy of the HOMO level in the neutral fragment. This situation yields an ionized dimer HOMO/LUMO spacing of 1.68 eV, compared to S 3.0 eV in the PNA dimer, which provides an abundance of lowlying doubly excited configurations. Final-state #2 is the only state which maintains >50% single configuration character. All others are strongly correlated, consisting primarilyofD+ _A -and Ar_A -intramolecular charge-transfer configurations. In addition to the large density of low-lying excitations, there are at least four excited configurations having a large overlap with the neutral dimer ground state determinant.
It should be emphasized that final-state # 1 in the Nls(N0 2 ) ionized monomer essentially corresponds to the final-state labeled # 1 in the dimer, although the dimer model has lower-lying levels. The monomer final-state # 1 is a destructive combination of the ground and doubly excited HOMO -LUMO configurations which yield a reduced intensity, whereas final-state # 1 in the dimer is a constructive coupling of the ground and singly excited HOMO _LUMO levels with a destructive component due to the doubly excited (68,681171,71) configuration. The (68,681171,71) dimer and (35,351136,36) monomer configurations are similar in that each are excitations "localized" on the -N0 2 group. The dimer final-state # 1 is therefore pushed (pulled) to lower relative energy than in the monomer by enhanced CI. The final-state denoted as #0 in Fig. 14 arises from a large destructive interference between the ground configuration and low-lying intermolecular charge-transfer excitations, and carries approximately zero intensity.
In order to check the sensitivity of the final-state distribution on the geometry chosen to reflect the solid state interactions we performed comparison calculations on the Nls(N0 2 ) spectrum of a "twisted" dimer formed by rotating the neutral part 45° around the axis of the H2 N-C bond while keeping the -N+0 2 IH 2 N-nitrogen-nitrogen intermolecular bondlength at 3.0 A. Figure 18 indicates that while some of the final states are reordered in energy and intensity, the twisted dimer yields an ionization pattern parallelling the planar model. Figure 19 and Table X shows that the 0 Is(N0 2 ) ionization of 2,6-ANN in the solid compares favorably with the monomer situation. As in the case of PNA, negligible intermolecular orbital mixing is induced by the 0Is(N0 2 ) core hole. Although the 0Is(N0 2 ) dimer has a HOMO/LUMO TABLE VII. (A) Properties of the determinants contributing to the 2,6-ANN N Is(N0 2 ) monomer spectrum, and the final-state energy and intensity distributions; (B) selected final-state wave functions entering into the interpretation of the 2,6-ANN NIs(N0 2 ) monomer spectrum. gap of only -2.0 e V, the HOMO level is "completely" localized on the neutral fragment and does not enter into our interpretation of the ionization spectrum.
1-Amlno-4-nltronaphthalene (1 ,4-ANN)
Although we have not determined a crystal structure for 1,4-ANN, or performed doubly excited state computations on the monomer and assumed dimer equivalent-core ions, it is nevertheless useful to note trends in the experimental spectra and to compare these trends with various oneelectron properties (Table XI) . First, the vapor phase corehole spectra ofPNA, 2,6-ANN, and 1,4-ANN "essentially" indicate broad single peak NIs(N0 2 ) structures. This is in accord with the similarities in the equivalent-core singly excited HOMO -LUMO excitation energies. Experiment also indicates that the Ols(N0 2 ) vapor phase shake-up energies are in the order PNA > 1,4-ANN > 2,6-ANN (see Table I ). This ordering again parallels the relative equivalentcore singly excited HOMO -LUMO transition energies. Although detailed correlations between shake-up intensities cannot be drawn due to the single peak nature of the spectra, the equivalent-core SCF results suggest a significantly greater intramolecular orbital mixing for both ° Is(N0 2 ) and NIs(N0 2 ) ionization of 1,4-ANN. It is interesting to note that the ordering of the 2,6-ANN and 1,4-ANN neutral molecule excitations (experimental and calculated) are reversed relative to those of the equivalent-core species and the experimental ° Is shake-up features (see Table XI ). This reversal of energy levels on going to the core-ionized species can be rationalized by noting that the overlap factor U(I)li (N) for both N ls(N0 2 ) and ° Is ionization is significantly greater for l,4-ANN than 2,6-ANN. Due to the apparent enhanced overlap attributed to core-hole induced orbital mixing in 1,4-ANN, selective HOMO/LUMO Coulomb interactions are inhibited.
Further comparison of the experimental spectra (Figs. 1-3) reveals that on going from the vapor phase to the solid state the NIs(N0 2 ) features of PNA, 2,6-ANN, and 1,4-ANN are considerably split, whereas the Ols(N0 2 ) ionizations ofPNA and 2,6-ANN appear essentially unperturbed. The Ols(N0 2 ) ionization of 1,4-ANN, however, exhibits not only a moderately enhanced splitting on going to the solid (-1.9 to -2.4 eV); but an apparent decrease in shake-up intensity as well (from -50% in the vapor phase to -30% in the solid). As discussed above, the relative difference in the NIs(N0 2 ) ionization ofPNA is attributed partly to intermolecular orbital mixing between the HOMO level of the ionic part of the dimer with an underlying neutral part orbital localized on the -NH2 group. ° ls(N0 2 ) ionization was indicated to pull the -NH 2 localized neutral fragment sufficiently below the ionic HOMO level so as to render interaction unfavorable. Also as noted above, the higher-lying -NH2 11" orbital (the HOMO level in PNA) becomes delocalized in 2,6-ANN and l,4-ANN and contributes to three moderately spaced levels localized on the naphthalene backbone. Taking the neutral moiety levels with the largest -NH2 11"-orbital contributions as potential sources of intermolecular interaction suggests the orbital correlation diagram given in Fig. 20 . Therefore, assuming reasonable electrostatic displacements of the neutral part due to core ionization,14 Fig. 20 yields only four situations where significant intermolecular interaction with the HOMO level of the ionic part is expected. The four conditions of "orbital proximity" identified in Fig.  20 are derived from ionizations where the apparent greatest vapor phase to solid state shifts are experimentally observed. As indicated above, these relationships have been computationally verified for PNA and 2,6-ANN. 
SUMMARY AND CONCLUSIONS
This study has presented new gas phase core-ionization spectra of 2-amino-6-nitronaphthalene (2,6-ANN) and 1-amino-4-nitronaphthalene (lA-ANN). Comparison of the gas phase results with the complex solid-state spectra indicate significant intermolecular interactions as in the D+-Ar-A -model system p-nitroaniline (PNA). CNDO/S(CI) equivalent-core computations including up to doubly excited "singlet-coupled" substitutions were performed on the monomer and model dimer configurations which were shown to reft.ect the fundamental nature of the energy and intensity distributions observed in PNA and 2,6-ANN. Large correlation or many-body interactions, however, were found to yield final-state spectra which were generally not tractable in terms of singly excited configurations, although correlations were indicated between experimental trends and various one-electron properties. Differences in the monomer to dimer final-state distributions were shown to be consistent with strong intermolecular core-hole induced orbital mixing. Also, we conclude that the similar Nls(N0 2 ) and Ols(N0 2 ) solid-state spectra exhibited by lA-ANN and PNA is somewhat fortuitous. Our results indicate that the electronic structure of lA-ANN, the PNA analog, has a closer correspondence to that of 2,6-ANN. It was rationalized that differences in the details of the intermolecular interactions resulted in similar final-state distributions.
We have not specifically addressed the issue that "weak" hydrogen-bonding interactions may actually be the source of the interesting vapor to condensed phase manifestations discussed in this work, although our results suggest otherwise. Based on our calculated electronic structures, and assuming a similar intermolecular pairing in 1,4-ANN as in PNA and 2,6-ANN, hydrogen-bonding interactions of the type suggested by Agren and co-workers 25 would be expected to yield similar vapor phase to solid state perturbations for core ionization of2,6-ANN and lA-ANN; a condition which is not verified experimentally. Our computations indicate that hydrogen-bonding induced selective HOMOI LUMO stabilization, which may be significant for the neutral species, would be largely destroyed in the ion due to HOMO/LUMO orbital mixing. N,N-dimethyl-p-nitroaniline (DMPNA) appears to be a case in point. Gas phase UPS spectra demonstrate that the HOMO level ofPNA is destabilized by -0.75 eV 64 due to dimethyl substitution at the amino nitrogen; yielding a condition approximating initialstate hydrogen-bonding between PNA molecules.
14 It is known, however, that DMPNA exhibits an Nls(N0 2 ) and [P(O) = -30.0 eV, (Ref. 66) ] are included to show that the ground and equivalent-core properties are not greatly modified relative to the origina1 scheme [P(O) = -45.0 eV). P appears in the off-diagonal Fock matrix elements, and therefore it is expected that going from P(O) = -45.0-+ -30.0 eV will primarily yield modifications to those orbitals where both the oxygen and nitrogen atoms have large coefficients. In accord with this argument the LUMO level is lowered by 0.65 eV, whereas the HOMO level is relatively stable. Note that the PNA results [P (0) = -45.0 eV) yield a neutral molecule excited state close to the experimental vapor phase value. It should be emphasized that the singly plus doubly excited equivalent-core results were obtained using PariserParr integra1s, and thus the singly excited energies given here are not directly comparable to those shown in Tables I, II , VII A, and VIII A. It has been shown in connection with semiempirical methods such as CNDO/S that Pariser-Parr integrals appear better suited to describe systems or configurations which exhibit large correlation effects, whereas Nishimoto-Mataga integrals generally yield better lower-lying closed-shell singlet properties (Refs. 46 and 67-69).
The choice of specific parameter options used throughout this work was based on this criterion. We have recently found such correspondence in the vapor phase spectra as well. 70 We take these similarities as an experimental indication that hydrogen bonding is not the primary source of the active coupling. Identifying systems with core-hole spectra providing conclusive tests for these concepts continues to be an interesting challenge.
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APPENDIX
The bond lengths and bond angles with standard deviations for 2,6-ANN is given in Table XII. 
